Eighteen plant protectant compounds were separated and determined by cyclodextrin-modified micellar electrokinetic chromatography (MEKC) in a multiclass/multiresidue method. The pesticides included are those dispersed in the greatest amounts today over agricultural acreage, and they represent 8 different classes of compounds (azoles, benzoic acids, chloroacetanilides, phenoxy acids, phenylureas, sulfonylureas, thiocarbamates, and triazines) covering a wide range of chemical reactivities and physicochemical properties. A 500 mL sample of tap water is preconcentrated by solid-phase extraction (SPE) with 300 mg combined polystyrene-divinylbenzene and methacrylate macroporous resins. Trapped analytes are eluted collectively with diethyl ether. Concentration and solvent change yield 250 µL of an acetone "concentrate," which is further worked up and concentrated 1:10 to produce the MEKC injection solution containing 10 mmol/L sodium dodecyl sulfate (SDS) surfactant. For MEKC, 2 phosphate/SDS buffer systems were designed, each allowing complete separation of all pesticides in a single run. Sensitivity was enhanced by a self-etched bubble cell and an injection procedure which employs stacking at reversed polarity. The ability of MEKC to determine plant protectants in raw and drinking waters at the 0.1 µg/L level, as demanded by the guidelines of the European Union, was demonstrated with spiked tap waters. Recoveries were between 75 and 110%, and limits of quantification, evaluated as method detection limits according to guidelines of the U.S. Environmental Protection Agency, ranged between 0.03 and 0.10 µg/L. The precisions of the relative migration times were all below 0.5%. T he number of active compounds and formulations applied in modern plant protection is very high, making multiclass/multiresidue (MMR) methods necessary for potable water monitoring. These methods allow identification and quantification of a great number of plant protectants with different chemical and physical properties in water samples by applying just one sampling and enrichment step. MMR methods should be developed preferably for compounds whose measurement is prescribed by law and which are also presently sold and distributed in the greatest amounts in a defined agricultural region. For this work we selected the plant protectant practices in the grain and vegetable cultivation area in mid-Europe. Many of the target analytes selected are specified in the Austrian "Potable Water Pesticide Act" (1).
T he number of active compounds and formulations applied in modern plant protection is very high, making multiclass/multiresidue (MMR) methods necessary for potable water monitoring. These methods allow identification and quantification of a great number of plant protectants with different chemical and physical properties in water samples by applying just one sampling and enrichment step. MMR methods should be developed preferably for compounds whose measurement is prescribed by law and which are also presently sold and distributed in the greatest amounts in a defined agricultural region. For this work we selected the plant protectant practices in the grain and vegetable cultivation area in mid-Europe. Many of the target analytes selected are specified in the Austrian "Potable Water Pesticide Act" (1) .
The MMR method developed in our laboratory involves preconcentration by nonselective solid-phase extraction (SPE) using hydrophobic sorbents, i.e., a mixture of polystyrene-divinylbenzene and methacrylate macroporous resins. After elution, concentration, and solvent exchange a solution is obtained from which aliquots are taken for measurement in 3 different measurement channels: microbore-liquid chromatography (LC) with diode-array detection, gas chromatography with electron capture detection (GC-ECD) and a double column configuration, and GC with nitrogen/phosphorus selective detection (GC-NPD). This approach keeps enrichment and preparation fairly simple and does not require cleanup steps. The measurement channels are also useful for confirmation of identities and concentrations.
High-performance capillary electrophoresis (HPCE) is more versatile than LC and GC for pesticide separation because there is nearly no restriction on certain compound classes. For that reason the combination of HPCE with the SPE procedure outlined above appeared to be a promising approach. Additionally, HPCE has several advantages in separation performance compared with other chromatographic techniques, e.g., short migration times, high efficiencies, on-capillary detection, and injection volumes on the nanoliter scale. However, low injection volume and small optical pathlength would restrict the sensitivity. For that reason, mainly HPCE results for standard solutions of pesticides have been reported (2) (3) (4) (5) (6) (7) (8) (9) . Even HPCE connected off-line to SPE is very rarely able to determine the concentrations of 0.1 µg/L prescribed by the guidelines of the European Union (EU; [10] [11] [12] [13] [14] [15] . Two different modes of HPCE are employed for pesticide separation: capillary zone electrophoresis (CZE), mainly for ionic compounds, and MEKC, for neutral pesticides and complex mixtures, including ionic species. In MEKC, surfactants are added to the electrolyte in concentrations high enough to form micelles. Neutral as well as ionic solutes are separated on the basis of their different distributions between a fast moving aqueous phase, migrating with the electroosmotic flow (EOF) velocity, and a micellar pseudo-stationary phase, which has a slower migration velocity. Versatility is due to various surfactants and modifiers that can be selected and combined in order to optimize separation. Despite the great number of optimization parameters, true multiclass separations are the exception in HPCE (15) (16) (17) .
The coupling of HPCE with MEKC as a final separation and quantification tool in the course of a MMR method for pesticides was not attempted before. Therefore, a long-term objective of this work was to make an effort to couple HPCE as a fourth separation channel of the method. A survey of plant protection practices yielded a list of chemicals selected as target analytes (Table 1) , which are very different in their reactivities, solubilities, polarities, and vapor pressures (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) . In particular, acid-base behavior is one of the most variable properties, ranging from a medium strength acid (dicamba) to weak acids (sulfonylureas, phenoxy acids) to weak bases (prochloraz). The analytical challenge was to work out an SPE preconcentration procedure comprising all these substances and make it compatible with MEKC allowing separation and quantification in just one chromatographic run. We knew that the concept of applying MEKC as a separation and quantification tool within an MMR method would be successful only if the separation conditions were selected and optimized very carefully.
Experimental
Apparatus (a) CE system.-"PrinCE" (Lauerlabs, Emmen, The Netherlands) with a double-lift system; Integration software, Gynkosoft version 5.12 c (Softron GmbH, Gräfeling, Germany).
( (i) Swagelok reducing unions.-Union tee B-400-3, reducing union B-400-6-2, and cap end B-400-C (Swagelok Canada Ltd., Niagara Falls, Ontario, Canada). For construction of hydrofluoric acid (HF) and ultrapure water reservoir used for bubble cell etching (Figure 1 ).
Reagents
(a) Pesticide reference substances.-Rimsulfuron and thifensulfuron-methyl, both with 97% purity, were obtained from Dr. Ehrenstorfer GmbH (Augsburg, Germany); metsulfuron-methyl, desethylatrazine, desisopropylatrazine, D(+)MCPP, MCPB, 2,4-D, dicamba, linuron, simazine, atrazine, terbuthylazine, alachlor, metolachlor, orbencarb, propiconazole, and prochloraz, all with 96-99% purity, were obtained from Riedel-de Haën (Seelze, Germany). All standards were stored at -20°C.
( 
Purification of Chemicals
Purification of SDS.-A 4.0 g portion of SDS is weighed into a 100 mL glass beaker and 40 mL chloroform is added, with ultrasonification for 10 min. The mixture is drawn through a fritted glass funnel with glass fiber prefilter. This procedure is repeated twice. Washed SDS is dried in an evacuated desiccator overnight before use. The yield is ca 60-65%.
A stock solution of 200 mmol/L chloroform-washed SDS in ultrapure water is prepared. The solution is ultrasonified until the SDS is dissolved. A 1:20 dilution of the SDS stock solution is made in a 10 mL volumetric flask with ultrapure water to provide the 10 mmol/L SDS solvent used for HPCE injection.
Solvents used for sample preparation (acetone, diethyl ether, and n-hexane) are double distilled over a vigreux column. Double-distilled solvents are stored in 250 mL Erlenmeyer flasks at 4°C in the dark. Both are adjusted to pH 8.03 ± 0.03, checked by pH meter, by adding 15-18 µL orthophosphoric acid. After pH adjustment, the electrode should be checked by remeasuring the pH of the calibration buffers to exclude pH drift caused by the various running-buffer additives, which is sometimes observed. Only deviations of ±0.03 pH units of calibration value are tolerated; otherwise recalibration is required, and the pH of the buffer must be checked again. Both MEKC buffers are stored in 10 mL portions at -20°C. They are stable at least 1 year.
MEKC Buffer Preparation

Etching of the Bubble Cell
A laboratory procedure for self-etching an extended lightpath for UV detection, following the general considerations of Engelhardt et al. (32) , is described. A length of 110 cm of the fused-silica capillary is cut, and the destined position of the detection window is marked. The inlet and outlet of the water thermostat are connected by tubing with its inner diameter reduced to 2 mm by the insertion of a second tubing into the first one. With a cannula, 0.4 mm id, the tubings are penetrated perpendicularly, and the capillary is pulled through the cannula. The cannula is drawn out and the detection window position is centered within the tubes. The destined injection side of the capillary is pushed into a reservoir containing 40% (v/v) HF through a union tee as shown in Figure 1 . The reservoir is connected to a nitrogen pressure bottle with a Teflon tube. The whole capillary and the HF reservoir are sheathed with ice. The position of the detection window is heated to 100°C, and then the HF solution is pumped through the capillary by a slight nitrogen pressure adjusted for a flow of ca 3-5 µL/min for 10 min. This ensures that the etching reaction takes place at the predetermined position only. Then the HF reservoir is changed against a second one containing ultrapure water flushing the capillary for 15 min.
The internal diameter of the bubble-like dilatation is measured with the microscope. This etching procedure results in a bubble cell of approximately 130 µm id. The length from its beginning to the maximal internal diameter is ca 2 mm. The capillary is then cut to a total length of 90.0 cm with an effective length (length from injection side to the detector) of 55.0 cm. The polyimide layer is burnt away at the detection window at a length of 5 mm, and the detection window is cleaned with acetone. The detection window is aligned in the detector lightpath so that maximum absorbance is measured. water, and acetone. When the cartridges are dry, untreated glass wool is placed on bottom of each cartridge, topped by 2 Teflon rings with a glass fiber prefilter between them; 300 mg of a (1 + 1) dry mixture of polystyrene-divinylbenzene and methacrylate resins is added. The sorbent bed is washed with 10 mL analytical grade methanol before another glass fiber prefilter and Teflon ring are inserted. Cartridges are stored in the dark.
(b) Preconditioning of the sorbent.-Packed cartridges are attached to the SPE manifold and washed by successively drawing through 10 mL double-distilled n-hexane (5 min), 20 mL methanol (10 min), and 20 mL ultrapure water (10 min). Cartridges are stored in ultrapure water for 13-14 h, and then another 20 mL ultrapure water is drawn through, and the cartridges are then ready for sample adsorption. During conditioning and sample adsorption cartridges must not be allowed to become dry.
(c) Enrichment of plant protectants from water.-Tap water samples are taken from the municipal water supply, and a 500 mL portion is adjusted to pH 4.00 ± 0.02 by adding 100% acetic acid with a glass syringe (ca 600 µL). The pH is adjusted with a pH meter and calibrated with calibration buffers at pH 4.01 and 7.00. The acidified tap water sample is spiked with the respective volume of the working standard immediately before SPE.
(d) SPE and elution.-The water sample (500 mL) is poured into a 75 mL reservoir and drawn through the cartridge with a volumetric flow velocity between 6.5 and 7.1 mL/min. After extraction the sorbent is washed with 4.3 mL ultrapure water at 3-4 mL/min. The volume must be measured carefully because with lower volumes acetic acid will pollute the eluate, whereas with higher volumes a breakthrough of phenoxy acids and dicamba may occur. The cartridges are then dried by passing air through them for 1 min, followed by centrifugation of the cartridges at 3000 rpm for 5 min. The Teflon taps of the SPE manifold are washed with ultrapure water and acetone before the dried cartridges are coupled again to the SPE manifold. Pesticides are eluted in portions with 4.5 mL double-distilled diethyl ether; 1 mL diethyl ether is eluted immediately into a 5 mL glass reacti-vial, and the sorbent is allowed to stand 15 min in the remaining ether, which is finally drawn through into the reacti-vial at ca 1 mL/min.
(e) Drying of the ether eluate.-Water remaining on the bottom of the reacti-vial from the previous sample adsorption step is drawn off with a 500 µL glass syringe. Complete removal of water is achieved by drawing the ether eluate through a glass cartridge filled with 1 g anhydrous Na 2 SO 4 into another 5 mL reacti-vial. The first reacti-vial is rinsed with 500 µL double-distilled diethyl ether, which is also passed through Na 2 SO 4 and combined with the first fraction.
(f) Evaporation of diethyl ether.-The solvent in the 5 mL reacti-vial is evaporated to 10-50 µL by a nitrogen stream directed through a capillary positioned 2 cm above the reacti-vial. Nitrogen gas is purified with 300 mg activated carbon and the gas flow is adjusted to create a 2-3 mm deep depression only on the ether surface. Reacti-vials are heated to 30°C to speed up evaporation. Evaporation time is 10-15 min.
A 100 µL portion of double-distilled acetone is added to the remaining 10-50 µL ether, and evaporation proceeded for another 1 min to remove the ether completely.
Solvent Changes
(a) Dissolution of pesticides in acetone.-Double-distilled acetone is added to achieve a final volume of 250 µL. A 2 µL aliquot of the 1:10 diluted desmetryn stock solution is added to the 5 mL reacti-vial originally containing the combined anhydrous ether portion. After the acetone/desmetryn fraction is mixed, a 100 µL glass syringe is used to thoroughly rinse the inner glass wall of the reacti-vial with the solution.
(b) Evaporation of acetone.-A 25 µL aliquot of the 10 mmol/L solution of chloroform-washed SDS in water is transferred to a 250 µL autosampler glass vial; 3 µL of the retention marker mixture and the 250 µL acetone fraction containing the pesticides and the ISTD are added. Acetone solvent is evaporated with a gentle nitrogen stream for 15-20 min until a residual volume of ca 15 µL is reached. This volume is determined exactly with a glass syringe. The sample volume is adjusted to 24 µL by adding ultrapure water. The inner wall of the 250 µL sample vial is rinsed several times with that solution. This must be done carefully to avoid excessive SDS foaming. A 1 µL portion of methanol is dispensed onto the surface to eliminate the foam, which inevitably develops. Before injection, the sample is mixed for 1 min on a Vortex mixer. 
Calibration Standards
time is <36 min for buffer 1 and <27 min for buffer 2. Absolute and relative migration times of the pesticides and their respective coefficients of variation (CV) are given in Table 2 for both separation buffers. 10 mmol/L solution of SDS in ultrapure water. Each of these check solutions is injected 4 times, and the linearity of the UV detector is confirmed for the target analytes and ISTD by linear regression and calculation of the regression coefficients a and b and the correlation coefficient r.
Linearity Check
A linearity check standard solution is prepared in a 5 mL volumetric flask by mixing 4.5 mL composite standard solution containing 15 pesticides, 170 µL sulfonylurea composite standard solution,
Calculation and Data Evaluation
Quantitative data are obtained from integrated peak areas and calibration of the MEKC measurement step only by using the ISTD method. A 1-point calibration is sufficient for routine measurements. Analyte concentrations in the original water sample are calculated from actual concentrations in the calibration standard solution and the concentration factor of the enrichment and sample processing.
Method Detection Limit (MDL)
The limits of quantification are estimated by determining the MDLs according to guidelines of the U.S. Environmental Protection Agency (Washington, DC; 33). Seven 500 mL tap water aliquots are acidified to pH 4.00 ± 0.03 as described and fortified to a level of 0.2 µg/L. Enrichment and preparation are carried out for each aliquot as specified before. MEKC measurements are done in duplicate for each aliquot. A blank tap water sample is worked up and measured in parallel to quantify possible blanks.
Results and Discussion
MEKC Buffer
Although the considerations leading to the design of buffer 2 (10 mmol/L tetramethylammonium chloride, 5 mmol/L β-cyclodextrin, 95 mmol/L SDS, and 27 mmol/L Na 2 HPO 4 ⋅2H 2 O) are already published (16), they are briefly described here. The lipophilic pesticides orbencarb, propiconazole, and prochloraz were successfully separated by the addition of β-cyclodextrin, which also reduced the migration times of all the other analytes. Separation of the hydrophobic pesticides, as well as the phenoxy acids, is very sensitive to changes in β-cyclodextrin concentration. Tetramethylammonium ions were added as an ion-pairing reagent for separation of the anionic sulfonylureas. Tetramethylammonium ions form ion associates with the sulfonylureas, which are more likely incorporated into the SDS micelle with its negatively charged surface. This increases the migration times of the sulfonylureas, enhancing even slight differences in their physicochemical properties. The optimized tetramethylammonium chloride concentration of 10 mmol/L must be used; otherwise coelution of the sulfonylureas will occur (16) .
Neutral compounds revealed broader peaks at low SDS concentrations (i.e., 50 mmol/L) than did anionic pesticides. The reason for this is the reduced stability of the micelles when they enter the injection zone, which is due to the methanol content in the injection solution. As a result, neutral analytes move within the methanol-water plug, and the separation process controlled by phase distribution is shortened (34, 35) . The enhanced analyte diffusion in the injection zone, which is much greater than the diffusion of the micelle-adsorbed analytes, leads to peak broadening (36) . By increasing the surfactant concentration in the background electrolyte, micelles entering the injection zone are stabilized and are capable of transporting analytes into the background electrolyte, thereby increasing the number of theoretical plates (16) .
However, quantification of orbencarb, propiconazole, and prochloraz was not possible with the buffer described above after SPE preconcentration from tap water because of a large interferent matrix peak emerging from the sorbent. Repeated preconditioning or Soxhlet extraction of the sorbent with distilled solvents did not eliminate or reduce this interference. We assume that a series of substances leak continuously from the resins and migrate in the electropherogram as a single peak.
The internal diameter of the γ-cyclodextrin cavity allows the formation of stable inclusion complexes only with analytes possessing at least 3 or more aromatic rings (37) . Thus, the problem was overcome by the addition of 5 mmol/L γ-cyclodextrin, which improved the resolution of hydrophobic analytes and separated orbencarb and propiconazole from the interfering peak. However, a change in the elution order was also observed for the phenoxy acids. This can be explained by the formation of associates between pesticides and either SDS monomers or tetramethylammonium cations, resulting in a tighter fit of these associates in the cyclodextrin cavity than of nonbounded pesticides (38, 39) . To maintain the resolution of all other pesticides, a general buffer modification including an increase in the SDS and tetramethylammonium chloride concentrations was necessary, resulting in a buffer of 15 mmol/L tetramethylammonium chloride, 105 mmol/L SDS, 5 mmol/L β-cyclodextrin, 5 mmol/L γ-cyclodextrin, and 27 mmol Na 2 HPO 4 ⋅2H 2 O (buffer 1). Buffer 2 can still be applied if quantification of orbencarb, propiconazole, and prochloraz is not required. A comparison of both buffer systems shows that the elution order is changed only in a few cases, and separation results are similar (Figure 2 ). Absolute and relative migration times are listed in Table 2 .
Migration Time Drift
Freshly conditioned capillaries show a continuous decrease in migration times during operation. This is explained by the formation of complexes by phosphates with the silanol groups on the capillary surface and an increase in their pK a values as a result of the complexation (40, 41) . This means that it is more difficult to deprotonate them, and thus the EOF is low. Application of an electric field destroys phosphate-silica complexes, and the bare silanol groups become dissociated; this dissociation results in a more rapid EOF (42) . Because low migration times are reached only after a few hours of current application, we assume that the equilibrium on the capillary surface is a long term phenomenon. Long-term shifts in migration time were also described by other researchers who used phosphate buffers (43, 44) . When fast migration times are to be realized, the capillaries should be stored in and flushed with buffer only. Solvents such as sodium hydroxide solution or water should be avoided.
Sample Stacking with Reversed Polarity
SDS was added to the injection solvent to keep the pesticides dissolved during the evaporation of acetone. Pure water and even water-methanol (4 + 1) were not able to dissolve the hydrophobic components after evaporation. Higher concentrations of organic modifier in the injection solution destroyed the separation by peak broadening. SDS concentration was reduced to 10 mmol/L to keep the conductivity of the injection zone low, thereby ensuring an effective stacking process. Neutral analytes usually do not take part in a normal stacking procedure because they are not accelerated in the high electric field that develops across the injection zone. With the addition of SDS to the injection solution, neutral pesticides behave like anions because they become adsorbed on the anionic SDS micelles. After hydrodynamic injection, voltage is applied for a short time with the anode situated at the detector side. Thus, EOF is reversed and directed toward the inlet buffer vial, and excess water-methanol is sucked out of the capillary while anionic-and micelle-adsorbed neutral pesticides accumulate on the other side. Stacking with reversed polarity has already been applied successfully for pesticide enrichment during injection (15) . The polarity has to be reversed again before the hydrophilic pesticides are also removed from the capillary by the EOF. With this polarity reversion step, plate numbers of desisopropylatrazine and desethylatrazine are further improved by 20-35%.
Acetic Acid in the Sample Zone
The procedure for sample concentration was designed by bottom-up optimization. In this process we determined recoveries from fortified, 5 mL diethyl ether samples including a portion of 500 µL ultrapure water, thus simulating the situation after elution. When the water fraction was drawn off, severe losses of up to 70% of the anionic pesticides occurred. Because the water was not acidified, its pH value was higher than the pK a values of the sulfonylureas, the phenoxy acids, and dicamba. Therefore, they all possess a negative charge and thus higher water solubility, so that a considerable percentage of them was removed with the residual water. When the water portion added to the ether fraction was acidified to pH 4.00, the recoveries of all anionic pesticides were >80%. Unfortunately, in this sample model a matrix peak, representing acetic acid, occurred and coeluted with desmetryn. In addition, identification of benzoic acid and MCPB by their relative migration times was no longer possible: both components were slowed down in comparison to the calibration standard, and benzoic acid, especially, exhibited excessive peak broadening. This was not a specific problem of the model sample and remained when spiked tap water samples were concentrated. With a volume increase in the postwash step from 1.0 to 4.3 mL ultrapure water, the shift in the migration times and the peak broadening for benzoic acid and MCPB were eliminated without any losses in recovery, and the acetic acid peak was removed.
With a model system, it was demonstrated that no degradation of the substances in the acidic environment was responsible for the described phenomenon. A calibration standard was acidified to pH 4.00. Relative migration times of MCPB and benzoic acid were increased by 1.5 and 2.0%, respectively, relative to a nonacidified standard. With the addition of 3 µL 1 mol/L sodium hydroxide solution to 100 µL acidified standard, the migration times were reestablished and the peak of benzoic acid was sharpened again (Figure 3 ). We consider a change in the adsorption of both substances to micelles, after starting the separation step, to be responsible for the described effects. In an injection zone at pH 4.00, MCPB and benzoic acid are protonated 87 and 61%, respectively, and thus are not only stacked in their free anionic form but are also mainly adsorbed to micelles. Weinberger and Albin (45) showed that the pH on the surface of the negatively charged SDS micelle is considerably lower than that measured in the bulk buffer because of an accumulation of H 3 O + and acetic acid. This acidic surrounding moves with the micelles, which means that the protonated form of MCPB and benzoic acid prevails at the beginning of the separation. During migration of the micelles from the injection zone into the background electrolyte the equilibrium is shifted toward the deprotonated form, which is the predominant species moving in the mobile phase. The ini-tially stronger adsorption onto the micelles results in a reduction of the migration velocity. The peak broadening of benzoic acid and also the tendency toward double peak formation of MCPB are due to differences in the migration velocities of their anionic and neutral forms.
Linearity and Recovery
With the 4-point calibration curves, correlation coefficients r >0.991 were determined for all pesticides with the exception of MCPB, desethylatrazine, and propiconazole for which r was >0.988. Recovery data for tap water samples were obtained at 2 fortification levels. With 0.1 µg/L of each pesticide, recoveries were between 81 and 113%. Lower recoveries were obtained only for orbencarb, thifensulfuron-methyl and especially rimsulfuron. Comparable recoveries were obtained for samples spiked at 0.2 µg/L, with the exception of those for terbuthylazine and orbencarb, which were considerably lower. Standard deviations of recoveries were <15% with the exception of MCPB at the 0.1 µg/L level (Table 3 ). An electropherogram of a tap water sample fortified at the EU-prescribed maximum contaminant level is shown in Figure 4 , which clearly demonstrates that the MEKC technique is in principle able to quantify plant protectant residues in potable water according to the EU requirements. The variation in the recoveries of the sulfonylureas is remarkable, because it clearly reflects their different stabilities with rimsulfuron representing the most labile pesticide. We assume that the time needed for SPE in combination with the low pH is the crucial factor. Similar results have been presented for liquid-liquid extraction in the acidic range (46) . The situation is probably aggravated by selective enrichment of the acidic molecules onto the surface of the SPE sorbent beads caused by the presence of acetic acid. This would result in a reduction of the pH value and an increase in degradation rates with preconcentration time. An enhancement of the recovery to 58% was observed for rimsulfuron when SPE was used for 100mL tap water samples with an extraction duration 5 times lower. Nevertheless, for this experiment the fortification level had to be 4 times higher to realize a comparable signal-to-noise ratio. Acetic acid, on the other hand, cannot be omitted because it is the key additive that allows quantitative extraction of phenoxy acids which normally break through at pH 4. A model describing the process at the surface of the resin beads has been proposed already: acetic acid molecules adsorbed onto the surface of the Amberchrom beads provide a partly hydrophilic character that allows quantitative extraction of the phenoxy acids, especially dicamba.
The sulfonylurea herbicides are generally very susceptible to hydrolysis. Rimsulfuron is degraded to 83% after 2 h and to 23% after 21 h if stored in tap water at pH 4.00 and room temperature. Even sulfonylurea stock solutions prepared in methanol and stored at +4°C for 3 months showed degradation to <45% of the initial concentration, which is due to methanolysis (47) . This prompted us to prepare sulfonylurea standard solutions in acetonitrile and to spike the calibrationand working standards with the sulfonylurea composite standard solution immediately before use.
Method Detection Limit
The method detection limit was determined at a fortification level of 0.2 µg/L and ranged from 0.03 to 0.10 µg/L (Table 3). The major drawback is that until now the complete 250 µL acetone eluate had to be used up for the MEKC separation to be able to measure these MDL values. We currently perform some experiments employing a diode array detector to take advantage of the detection of each compound at its specific absorbance maximum. New results with standard solutions probably allow a 5% reduction of the acetone fraction taken for MEKC.
Conclusions
These results prove that the designed analytical method has a limit of quantification sufficiently low to monitor the limiting concentration of 0.1 µg/L for any plant protectant compound, as prescribed by the EU Commission. It has been demonstrated that MEKC can be linked as a fourth measurement channel (besides GC-NPD, GC-ECD, and microbore LC) to a common nonselective extraction and preconcentration procedure. The only alteration introduced into this multimethod is a modification of the injection solution because acetone is not a solvent suitable for HPCE. But this solvent change does not affect the other measurement channels. Prochloraz cannot be quantified because it coelutes with a matrix peak. The internal standard desmetryn is the same in MEKC and the other measurement channels and is also used as a retention marker. Pesticide identification by relative migration times employing 3 retention standards results in a precision quite comparable with those of the other chromatographic separation systems. At the moment, a simultaneous application of MEKC together with the other measurement channels is not possible if MDLs below 0.1 µg/L are to be realized, because the entire 250 µL acetone portion has to be used up. However, future research will be directed to further enhancement of detection sensitivity, e.g., by using a diode-array detector or various extended lightpath geometries. (10)- (12), with desmetryn; and (13)- (18), with L-ephedrine. c RM2 = relative migration time: (1)- (4) calculated with caffeine.
